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1 000 1 1 I he present invention ielates to an /// w/// method ot r e^encratmt! 
catalysts used in 1 Ivdrocarbon Synthesis ( atalv tie (IK S i processes 
SpeeitlealK. the present invention provides a mean* and puvc-s toi /// mih 
eataKst leueneiation in which no "on-site' catalv st activation \cssci is requued 
and in which the eataKst can he activated m a I ischei- 1 mpsch icactoi More 
speeilleallv. the picscnt invention provides a means and proce^ toi supported 
hi-metalhc cobalt eatalvst regeneration without intcrruptmLi the hvdrocarbon 
synthesis continuous slum process How scheme and without the need tor am 
additional eataKst activation vessels 

\\ ACKCKOl M) ()l Tl II INVENTION 

|0002| I he picparation ot h\ di ocai boils from a nuxtuie i»! hv dou'eii and 
carbon monoxide at elevated temperature and pressure in the presence oi a 
catalv st is referred to m the literature as the hselkT- 1 ropsch hv dioeaibon 
sv n thesis i 1 1( S i I )ependin;j on the catalv st and ^ oiuiitionv th : hv dn var bon- 
mav ianiie I mm ow^enated compounds such a> methanol aiui mallei molecular 
weight aLohols. \o ludi molecular weight paralfim w In, h nc w,iw s».|uC a! 
loom temperature I he process also makes. Lvncialiv in ic^ci amounts alL ne - 
organic acids, ketones, aldehvdes and e>ters The s\nthe-is is inducted in a 
fixed oi lluwli/ed caiaK M bed leacloi oi malhteepha^ dunv i-kK 1 ! 

1 000.> | I Kdnvaibon a nthesis ^atalv si- are well known and a iv pual I l-Jiei 
a-p-Ji hv di > o .u I 1 ' mi -v utile - . atalv si will .sanpi o>c !• " exampk . aui\ lu allv 



effective amounts ot one 01 more Ciioup \ 111 metal cataKtic components such as 
I e. \i. Co. Rh. and Ku PrcfeiabK the cataKst compiles a supported cataKst. 
wherein the one or moie support components of the cataKst will eompiise an 
inorganic refractor\ metal oxide The metal oxide support component is prefer- 
ablv one which i^ difficult to reduce, such an oxide ol one 01 moie metals ol 
( iroups III. IV \ \ L and \ II 

1 0004 1 Kpical support components include one 01 nunc ot alumina, silica, 
and amorphous and crystalline alummosilicates. such as zeolites Particular 1\ 
preferred support components aie the ( noup IYH metal oxides. especialK those 
having a surface area of MM) irf g or less and even n o nr g or less 1 hese 
support components ma\ . in turn, be supported on one 01 more support 
mater ials Titania. and particular K the \ utile form ol'titania. is a preferred 
support component, especialK when the cataKst contains a cobalt cataKtic 
component. Titania is a useful component, particularly when employing a slurry 
hydrocarbon synthesis process, in which higher molecular weight, primaiiK 
paraffmic liquid hvdrocarbon products are desired 

1 0005 1 In some uins in which the cataKst ^oinpiiNC-s cataK IicalK effective 
amounts of ( o, it will also comprise one or more components oi compounds ot 
members selected from the transition metal groups Vila oi \ 111 id the Periodic 
I able las defined ml \ I otton. ( i \\ il kin son -\d\anced Inoiganu ( hem Mix . 
4 I d . \\ ile\ . New ^oik. 1 > > as a pi omotei ( iioup \ 1 1 1 Nobel metaU ai e 
particular K Mutable \Ko. rhenium, lutheniuni. platinum and palladium are 
especialK picfened \ combination of ( o and Ku oi ( o and Ke i- otten 
pieferred 1 sctul calaKsts and then picpaiation aie known and illustrative, but 
noniimiting examples ma\ be tound. lor example, m I S patent^ l.oSo..'o.N 
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incoi por atcd In reference heiein 

|0006| \s these techniques demonstrate, aftei Ms initial formation, the 
catalyst undergoes a hieh-temperature oxidation process Ketoie the catakst 
will propei Iv operate in a IK'S en \ iionment. it must be "act 1 \ atcd b\ icduc in^ 
the oxidized cataKtic metals to their metallic state However, once actuated, the 
cataksts aie usiiallv hiuhlv pvrophoric I heietoie commeicialK most cataK Ms 
are sold alter their first hmh-lemperaturc oxidation, but beioie activation \s 
used hciem. these newl\ formed, oxnii/ed but not vet reduced cataK sts aie 
referred to as "fresh" catalyst. 

1 0007 1 The IKS cataK st mav be u.sed m eithei a fixed bed. fluid bed oi slunv 
hvdrocarbon svnthesis processes for forming In drocar bons from a s\nthesis 
comprising a mixture ot lb and CO. These processes are well known and docu- 
mented in the literature In all of these processes, the svnthesis Lias is contacted 
with a suitable Hseher- Tropsch type of hydrocarbon s\nthesis catahM. at 
reaction conditions effective tor the I h and ( ( ) in the uas to react and toim 
Indiocarbons Depending on the process, the catalvsi and >\nthesi^ icactiou 
variables, some ot these hvdiocaibons will be liquid, some solid ie.^.. wax; and 
some ua.s at standard room tempeiatuie conditions ot lempeiatuie and piewire ot 
2^ ( and one atmospheie. paiticularlv 1 1 a cataK st hav uh 1 a c atalv t k cobalt 
component is used In a Iluuli/ed bed hvdtocaibon s\nthcMs pioccss. all ot the 
pioducts aie vapor oi Lias at the reaction conditions In tixed bed and -lunv 
piocesNCs. tlie icaction pioducis will ^oinpiisc hvdiocaibons which aie both 
liquid and vapoi at the leaction conditions 
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|O0OS| Si in i \ h\ di ocai bon s\ntheM> pioccs^cs arc sometimes pictciicd 
because ot then supciioi Ileal tianslci chai acta biio toi the stionid\ exothermic 
synthesis reaction and because thc\ arc able to piodiKc iclati\cl\ hiuh moLvulai 
weight, paraffmic hxdrocarbons when using a cobalt cataKst In a slurrx h\dio- 
carbon s\ nthesis process, a s\ nthesis gas comprising a nnxtuic ot 1 1; and ( ( ) is 
bubbled up as a third phase through a slunx in a icacioi which comprises a 
particulate hschci- I lopsch t\pe hvdiocarbon synthesis , alakst dispciscd and 
suspended in a shirrs liquid com pi ising h\ diocai bon piodiicts ot the s\ n the si-, 
reaction which are liquid at the reaction condition > I he mole ratio ot the 
hxdrogen to the carbon monoxide in the s\ nthesis gas ma\ broadK range liom 
about 0 5 to -1. but is more t\ pica] I \ w ithin the ramie ot liom about o " to J! ^ 
and prelerabK trom about 0 to 2 ^ 

|000 l )| I he stoichiometric mole ratio for a b ischer-Tiopsch hxdiocarbon 
s\ nthesis reaction is approx 2 o, but it can be increased to obtain the amount ot 
hxdrogen desired trom the sxnthesis gas foi othei than the h\drocarbon s\nthesis 
icaction In a siippoited cobalt-catak /ed slurrx hxdiocaibon s\nthesis piocesv 
the mole ratio ot the 1 1- to ( () is t\ picallx about : I 1 Reaction conditions 
cttccti\c toi the \aiioiis Indiocaihon -\nthesis pi.i.^s^ , will \,n\ mmiio\IoI 
depend i in. 1 on the t\ pe ot pioccs-, . atal\ st com position and defied piodiul > 
! \ pical conditions ettectne to torm h\ di oc aibom. computing mo si I \ ( 
paiattuis. (e v. . ( ■> -( mhi i and pretciabk t paiatfms m a siunx |noas^ 
einploxunj a cataK st compiisim' a siippoited coball component include, loi 
example, teinperatui e>. piessures and gas hourh space xeiocities m the langc ot 
bom ,i ho ut I ^n- > i ( ^ > - i; n bai and I no- p i eon \ hi \ cxpic^cti ,i> 
aandaid \ ohmie > > -1 the .-.h, • -u - t ( » and II - inixtui c ■ ' 1 » i at in - [H i horn \\\ 
volume »-! catak a i e >pe. ! \ \ e! \ ! hc-c condition- nominal I \ appk t < 1 the othei 
:-o, . .,.uJI 
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[ 00 ] 0 1 H\ dtocai boils produced by a hydiocaibon svnthesis piocess according 
to the practice of the mvention arc typically upgraded to more \aluablc produc ts, 
bv subjecting all or a portion of the ( 5 . hydrocarbons to fractionation and or 
conversion. Bv conversion is meant one or more operations in which the 
molecular structure of at least a portion of the hydrocarbon is changed and 
includes both noncatalytic processing (e.g.. steam cracking), and catalytic 
processing (e g . catalytic clacking) in which a i 1 action is contacted with a 
suitable catalyst 11 hydrogen is present as a reactant. such process steps are 
ty pically referred to as hy deconversion and include, for example, hydro- 
isomerization, hy drocracking, hydrodew axing. Iiy drorefining and the more 
severe hvdrorefining referred to as hydrotrcatmg, all conducted at conditions 
w ell know n in the literature for hy deconversion of hydrocarbon feeds, including 
hy drocarbon feeds rich in paraffins Illustrative, but nonbmiting examples of 
more valuable products formed by conversion include one or more ol a synthetic 
crude oil. liquid fuel, olefins, solvents, lubricating, industrial or medicinal oil. 
waxv hvdiocaibotis. nitiogen and oxygen containing compounds, and the like 
Liquid fuel includes one or more of motor gasoline, diesel f uel, jet fuel, and 
kerosene, while lubricating oil includes, for example, automotive, jet. turbine 
and metal wotking oils Industrial oil includes well dulling fluids, agiuultuial 
oils, heat transtei fluids and the like 

1 001 1 I IK S cataly sts deactivate ovei tunc at pi oc ess conditions \1an\ shoit- 
term catalvst deactivation princesses, believed to be caused by cobalt surface 
oxidation, cokim-. 01 exposiiic to >omc mhibitoi > a ul poisiMh, such ^ H< \ 
Ml,, m o\v l'c nates mav be lev ei sed m a pi oce^s km <w u as 1 epi venal ion 
Reiuv en at ion is et lec led bv ^ out acting the deactiv ated v atalv st with a reducing 
aLient. picfciablv hv diogen I he activ itv o! ihe IK *s , alaiv si m the leactive 
duiiv is inu 1 nnltcmiv 01 ,on!inuousk 1 eiuv enaled b\ , , ■• 1 1 1 , k m : : in -iunv w:m 



h\diogen 01 a hvdiogen containing gas to fonn a catakst rejuvenated slunv 
cither m-situ in the 1 K S reactor or in an external rejuvenation vessel, as is 
disclosed, tor example, in I S patents \260.23 l >. \268.344. \2X8.fr3 and 
5.283,216 

[(MM2J long-term catakst deactivation is not corrected h\ iciuvenation 
1 ong-lenn deactivation max be corrected In a iai more severe process known as 
regeneration ( urrcntly regeneration ot IK'S catalvsts occurs outside ot the 
IK'S process. I S Patent 4.670.414 teaches an cv sun regeneration scheme 
which requires at least two external regeneration vessels following carefullv 
controlled temperature and pressure programs 

1 00 1 3 1 Likewise, W 0 533 2X8 111 teaches an c.x .situ regeneration scheme 
requiring at least tour separate staged processes the remov al of the catalyst and 
process fluids from the process reactor, filtration or other necessary treatments to 
remove process reactants and products, reducing the catalyst in a huirogen 
atmosphere, transferring the catalyst to a second vessel to expose it to a h\dro- 
thermal or oxidative regeneration process, transfer the catalyst to a thud vessel, a 
catakst activation vessel (CAV). for high tempetatuic reduction, re-introducing 
the re-acti\ated. regenerated catalvst hack into the process leactor. and finally 
restarting the 1 1( S piocess 

1 001 4) \t a minimum, all cut lent I K "S ^ atalv s| icgencialion piivons icquuc 
cessation of the IKS pioccss removal of the catalvst to a scpaiatc icgencialion 
vessel, tianstei ti> a second scpaiatc reactivation deduction) vessel hcloic ic- 
mtioduction to the I H S pi occs> ! hese c on fig in at i oils jIm « 1 equu e a means \o 
safclv UanspvMt the highlv puophoru icgeneiated and lediiced cataKsi hetween 
the i eduction vessel and the I l< "s readoi 





SI AIMARY ( )l Tl H IW'l \ 1 ION 

1 00 1 5 1 [ he present invention provides a means and a process tor activation ot 
regenerated HCS catahsts in an in situ HCS process I he IKS reactor ot the 
process of the current invention applies some form ot catalvst rejuvenation 
means, one non-limiting form ot such is described in I S patent \2oX,344 
Specifically the present invention relates to a on-going slurry IK'S process 
utilizing a supported Cobalt bimetallic catalvst. which allows tor continuous or 
semi-continuous removal of the catalvst to a regeneration vessel, which catalvst. 
once regenerated, is reactivated by directly re-introducing the regenerated 
catalvst in its oxidized form into the ongoing IK'S process, thus requiring no 
separate "on site" catalvst activation vessel 

1 001 6 1 The invention provides tor the continuous or semi-continuous, /// situ 
regeneration of IK'S catalysts The method comprises periodic or continuous 
removal of catalvst from an operating IK'S reactor to a regeneration vessel In 
the regeneration vessel, the catalvst is then exposed to a icgcneiative environ- 
ment such as a high temperature t 3(>0-s()() ( ) oxidative Meatmen! I inallv . the 
catalvst is returned to the operating IK S reactoi also containing catalvst 
rejuvenation means allowing reduction to occur at IK'S process temperatures 
which completes the catalvst regeneration 
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DRAWINGS 



|l)017| 1 iguie 1 schcmaticallv illustrates a scliematu uos^ection ot the 
process vessels for the regeneration of spent catalvst or activation ot piv- 
activated passivatcd tiesh catalvst 
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|(M)18| Figuie 2 demonstrates the late-run relative aetivitv oi a fresh' catalvst 
activated in a high-temperature reduction 

[001 9| Figure ? demonstrates the relative catalytic aetivitv of a fresh late-run 
catalyst reduced in a low -temperature environment 

|0020| Figure -1 demonstrates the effect on catalyst aetivitv ol subsequent 
low -temperature reductions after a "fresh" catalyst has undergone one high- 
tcmperature reduction 

m 

1 All.Hl) DFSC R1PTI ON 

|0021| W ith respect to the hvdrocarbon synthesis, fixed bed. fluid bed and 
slurry hvdrocarbon synthesis (IKS) processes for forming hydrocarbons from a 

is syngas comprising a mixture of lb and CO are well known and documented in 
the literature. In all of these processes the syngas is reacted in the presence ot a 
suitable Fischer- Tropseh hvdrocarbon synthesis catalyst, at reaction conditions 
effective to form hv diocarboiis Some of these hvdiocaibon^ will be liquid, 
some solid (e g wax) and some gas at ambient tempeiature conditions and 

:n pressure (25 ( and one atmosphere), particular^ if a catalyst having a cataMic 
cobalt component is used 

1 0022 1 Sim i> 1 1( S piocesses are often prefened because of then siipei 101 
heat and mass trance! cluuaUeiislics foi the Mronglv exothcimic ->\iiilie^- 
icaction and because thev aie able to pioduce lelativelv high molcculai weight, 
paraffmic hvdrocaibons when using a cobalt catalv si In a slunv 1 1( S pu^ce^ a 
s\ ngas compiling a mixtuic ol I h and ( ( ) in luibbled up as a thud phase 
thioiiLih a >1 in iv m a icactoi whiJi comprises a paniculate I ischei - I lop^ch tv pc 



hydrocarbon synthesis catalxst dispersed and suspended in a slum liquid 
comprising h\drocarbon products ot the synthesis leaction which arc lu|iiul ai 
the reaction conditions 

1 0023 1 In the cobalt-catak /cd slum IKS process, the mole ratio ot the 
hxdrogen to the carbon monoxide may broadly ramie from about 0 ^ to 4. but in 
more typically within the range of from about o " to 2. "5 and preferably from 
about 0.7 to 2..\ The stoichiometric mole ratio tor a shin \ 1 ischer- 1 ropsch 
IKS process is approximate^ 211. but in the practice of the present unention 
it may be increased to obtain the amount of hydrogen desired from the s\ngas tor 
other than the IK S reaction 

|0024 1 Slum HCS process conditions var\ somewhat depending on the 
catalyst and desired products. Typical conditions effective to form hydrocarbons 
comprising mostly (V paraffins, (e.g.. (\.-(^ n o) and preferablx ( : paraffins, 
in a slurry IK S process employing a catalyst comprising a supported cobalt 
component include, for example, temperatures, pressures and hourlx gas space 
velocities in the range ot from about l*M)-2o ( ". * s - L 1 (> bar and I < n >- J< H M n \ 
\ hr V. expressed as standard volumes of the gaseous ( ( ) and I h mixture t 0 ( '. 
1 atm) per hour per \olume of catalyst. rcspcctixclx 

1 0025 1 f igure I details one possible embodiment of the process foi the />/ w//< 
reactivation ot a regeneiated cataksl Kegenei ated, but ru't xei ie-acli\atcd. 
cataK st i 1 ^ ) max be introduced into an operating I K S leactoi ( I i \n\ 
combination of a fresh, activated cataK st. a pre-acli\ ated passi\ated catalxM oi a 
shoil-teim oi a long-term deactivated ^atakst max aheadx be pie^nt in ihe lb s 
f c a c I o i ( 1 i I he IK S iui.hu i 1 i icceiu^ -\nga> through the inlet Iiik * ; i ami 
i cleaves liquid h \ ih ocarbon^ i hi i High the outlet line i h and gaseous hx di \ k ai k ui 
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and unreacted syngas through the offgas line (2) The IK S reactor ( 1 ) should 
emplov at least one eataKst rejuvenation unit ( 14k which is ted with a eataKsi 
ic|uvenating tluid t I 2 ) ( ataK st within the 1 1( S leaetoi i 1 > mav frcelv entei and 
exit the eataKst rejuvenation unit (14) 

|0026| Catalyst is removed from the IKS reactor ( 1 ) through the slipstream 
line (5). This line feeds to filtration unit (6) which is fed with a stripping fluid 
(7) if necessary. Spent stripping fluid and stripped In products are removed from 
the filtration unit (h) through the filtration unit outlet line (Sj I lie lllteied 
catalyst proceeds to the regeneration unit ( ( >) which is fed a regenerative fluid 
( 10). The regenerated eataKst is returned to the IK'S reactor ( 1 } through the 
eataKst return line (II) wherein it is reactivated 

|0027| Many embodiments of the present inv ention are possible The 
applicant prov ides numerous embodiments, none of w hich are meant to limit the 
invention in any way In one embodiment, the filtration unit io) is an I K 
stripping unit The regeneiation unit i l >) employs oxidative tieatments at above 
>()() ( ' In another embodiment, the slipstream hue ( * ) and the cataK M return 
line (II) are the same line 

|002H| In anothei embodiment, the invention compiles the >tcps ot 

1 i emov mjj a [Coition ot a hv d\\K ai bon -v nthe>i > ataK >t ti om an 
opeiating 1 K "S pioccss which mav contain cataK st ie|uvenation 
means. 

i emov mg the rcactanN and pi oil nets ot the pio^e^ hom the cataK m. 
; exposing' ihe cataK si lo a legeneiation env noniueui and 
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4 remtioducmg the catalv st into the IK "S pioce>s en\ uonment foi 
catalv st reduction 

|002<)] It in well known that standard catalyst rejuvenation techniques 
successfulK reverse short-term deactivation mechanisms such as fouling coking 
and carbon formation Standard means of catalvst rejuvenation are accomplished 
In exposing the catalvst to anv metal reducing substance, m the IK'S process ol 
the present invention it is preterablv accomplished In exposing the catalvst to a 
lull or partial stream in an area of lessened IK'S process activity. Rejuvena- 
tion, however, does not reverse long-term deactivation mechanisms. One 
significant adv antage of rejuv enation is that it may be employed in situ at reactor 
conditions, thus allowing tor extended catalvst use in a continuous process 
environment 

|00J0| Catalyst regeneration to reverse long-term deactivation requires 
conditions not found in a standard IK S catalvtic process environment because 
of this, catalvst regeneration has not been successtullv integrated into a 
continuous or semi-continuous /// situ 1 ICS catalvtic process environment I he 
present invention s discoverv of low temperature reduction following the 
catalvtic icgeneiation ptocess allows foi continuous oi semi-continuous eatalvtu 

piOCCss 

[0031 | In the past, catalvst would be regenerated In lemovmg the catalvst 
fr mi the process reactor transferring it to a first vessel foi high tempeiatuie 

i 'mi- son ( f oxidation, then nan slewing it to a second \ essel. a i atal\ st Utiva- 
tion \ essel. toi hndi tern pel atui e s ; ^ < * tcdiu t ion and final Iv i etui mng tlu 
^atalv st to the In diocai bon a nth cms pio^ ess leaUoi I he object o! the pi eseni 
invention is i.« ^impiils ihi- pio^ess in eliminatim ilk hi:'ii lei \ ipei at in . 





reduction step, therein allowing a continuous 01 semi-continuous iegcneiation 
with cataKst reactivation ( reduction I directlv In the IKS fluids 

1 003 2 1 In another embodiment, the current invention relates to a I lscher- 
Iropsch process using a Co-Re T1O2 cataKst Once actuated, a spent cataKst 
ma\ he oxidized and then be esscntialK fully reduced at the operating tempera- 
ture of the fischer- 1 ropsch slurrx unit completing the cataKst regeneration I he 
cataKst need not be processed through, a separate cataKst activation \essel to ic- 
1 educe it after oxidation Instead, it may be re-reduced and fulK activated in the 
slum - unit containing rejuvenation means This allows tor a continuous or senn- 
continuous process How scheme where some of the catalyst is perrodicalK 01 
continuously removed from an operating IK'S slurry reactor, treated in a 
regenerative environment and then directly returned to the operating slum unit 

1 0033 J The process of the present invention is further descr ibed by way of the 
following illustrative examples which are not intended to limit the scope ot the 
invention in any manner whatsoever 

I xample I 

1 0034| "fresh" ( o-Rc cataK st on ;i I i( >; support was activated and placed in 
a I ischei- 1 lopsch reactor I wo samples were icmoved an eai K -1 un simple, 
which was removed a tew dav s alter the leactoi was in opeiation. and a late-iun 
sample which was removed verv late in the run cvdc I ach sample was 
icmoved to a drv box and the wax extracted with hot toluene undei melt 
, onditions 
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1 04)35 j Lach sample was divided into two portions ] he first portion oi each 
sample was direetU transferred under inert condition into a chemisorption unit 
and the II- chemisorptions. a standard measui e ot 'eataK tie aeti\it\. were 
measured by a dual isotherm technique. This technique is described by ( II 
Bartholomew in "Ih Adsorption on Supported Noble Metals and. its I Ne in 
Determining Metal Dispersion", Catalysis, Vol 1 I. pp l )?-\2u ( (ODI \ 

( ATADK ISSNO140-0568, ( AN l23:Mo(W AN ( API. I S I he 

second portion ot each sample was regenerated in a high temperature (') 
oxidative (air) environment, and then reduced in the presence ot II- at 22.^ ( 
The second portion of each sample was then transferred under inert condition 
into a chemisorption unit and the H2 ehemisorptions were measured by a dual 
isotherm technique Table 1 illustrates the chemisorption results 

I ABIT I 

% Strong II Chemisorption values (H.Co) after reduction at 225 ( 
C ombined and back sorption isotherms measured at 40 (\ 

After Wax Alter regeneration 
Sample I xtiaction with air at 2o<) ( 

1 ai 1\ -run - inertly wax extiacted ; " 1 * 

I atc-run - mertK wax extracted 1 M -112 

|(M)36] The fust column ot' 1 able 1 show n far Inghei !l Jiemisorption \alue^ 
tor the non-regeneiated eaiK-iun eataK st as ei>inpaied to non-iegeneialed late- 
run catalyst This indicates that the eaiK-run caiaKM was ieju\enated undei 
1 eduction condition^ picscnt in the 22^ ( II eheinr 01 pi ion Hut. as expected, 
the late-run catalyst was not rejuvenated due to long-term deactivation 
mechanisms that are not reversed b\ hydrogen treatment fresh eataK st. 
measured aftei a (' lb reduction ami a I ( .111 oxidation ha\e a 1 1 
chemisorption value oi t ippio\!ina!el\ : " lo \ ! 
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1 0037 1 \s the second column of I able I demonstrates, late-run cataK st 
act i \ 1 1\ increased signifieantlv alter regeneration b\ high tempcratuie oxidation 
followed by low temperature reduction demonstrating that the current invention's 
regeneration in \iiu (low. IK'S temperature) reactivation process successtulK 
reversed the majority of long-term deactivation effects The oxidativ e regenera- 
tion followed by a low temperature treatment restores almost all (within 
l()°o) of the catalvticallv active sites as are present in the fresh catalyst Also as 
expected, the eaiK-iun cataKst showed small II chemisorption increases attei 
high temperature oxidative regeneration as the majority of activ ity loss was due 
to short-term deactivation effects. 
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l> |()()38| A "fresh" (non-activated) catalyst was reduced (activated) in a 

hvdrogen atmosphere at high temperature conditions ( 1200 kPa, 400 ( tor 8 
hours) The cataKst was then placed in a l ischer-Tropsch synthesis reactor 
operated at 200 ( 2o 25 bar with a 2 1 ( 'O ratio The activity of the cataK st 
was determined by measuring the catalyst productivitv (moles of ( O 
converted volume of cataKst), adjusted for differences in leaetion conditions 
using a kinetic model similar to those found in \\ D IVckwei. "kinctu Studies 
ot I ischcr- 1 ropseh Svnthesis on Suspended I e k ( atalvsl - Kale Inhibition bv 
( 1 ) : and H : ( ) ". Ind t ng t hem Process Dev \ ol 2 "\ pp o4 >-o }o ( | oso i 
Relative activitv levels for this cataK st are reported in figure 2 I he activitv 
level fortius "fresh", high-temperature reduced cataKst averaged slightlv less 
than 1 2 " as expected 




i:\ampi t 3 

|003M| I he same experiment as in 1 xamplc 2 was conduced except that the 
initial hxdrogen reduction of the "fresh" eataKst was conducted at low- 
temperature rejuvenation conditions (220 (\ 2000kPa for 12 hours) As m 
example two. the catalyst was placed in a lischcr- Iropsch icactoi (at the same 
operating conditions) and the relative activitv was measured The relative 
activities tor this eataKst are reported in figure > The relative activitv loi this 
catalvst ranged between > 0 and s s These results clearlv demonstrate that a 
low-temperature reduction of a. "fiesh" eataKst did not activate the eataKst to 
acceptable IK'S activity levels 

Kxample 4 

|(M)40| A sample of catalyst prepared in the same manner as that in example 2 
was inertly extracted from an operating Fischer- I ropsch reactor early in the 
reactor's run. I bis sample was loaded into a fixed bed reactor operating at the 
same 1 ischer- i ropsch conditions as in example 2 Alter approximately torn 
da\s. the catalv>t was stripped of wax undei a llj How. and then oxidi/ed with a 
PoO- in nitrogen gas mixture at 20 atmospheres hollowing this regeneration 
procedure, the eataKst was reduced at 200 (' for 12 hours at 2o 2^ bar of M : 
piessure. the I isehei- I ropseh icaction continued \ttei \ppio\imatelv ^ ^ dav s. 
a similar wax snipping treatment was pei formed, the catalv st was icgeneiated m 
the same manner, but was ic-ieduced at loo ( foi S houis undci 12 atmosphetcs 
of II - pressure I he relative aetivitv values are shown ir 1 iguie 1 

1 0041 1 I iguie \ -how n that the activ nv stalls at a i el alive acliv il\ unit ol 

appi^ximalelv w and ,h expected, slowlv ded eases w ith link \Hei a 
leveneiation at < and a icdiiction at 22" i theactivitv inu, ai'ain 
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approximately l<) A comparison between the effectiveness oi the lata 
regeneration process using low temperature re-reduetioii and high tempeiatute 
ic-icduction (at UK) (') demonstrates that the activitv does not change iclative to 
the reduction temperature once the catalyst is reduced and oxidized at least once 

1 0042 J This demonstrates that following a catalyst's first high-tempciaturc 
[eduction. any subsequent reduction may he a low temperature reduction and 
still restoie the catalyst to lull activity This invention eliminates the need loi 
transferring the catalyst to a separate reduction vessel tor activation after 
regeneration, further, this invention allows lor a continuous, in situ 
regeneration re-activation process, eliminating the previous requirement to 
interrupt the HCS process 



